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demands have increased, the amount of data that is prefetched for each read or applied

to the memory device for each write has continued to increase as well. However,
simply continuing to increase the amount of date prefetched results in a great deal of
data being prefetched from a single location in memory. Taken to its extremes, data
from an entire page of memory will be prefetched. Unfortunately, such a large amount
of data from a single location is often not desired. It would be desirable to be able to
prefetch smaller amounts of data from different banks at the same time. Yet the internal
structure of memory devices, such as dynamic random access memory (“DRAM”)
devices precludes them from operating in a manner that provides more flexibility in
data prefetch locations.

[003] A portion of a typical DRAM device 10 is shown in Figure 1. The
DRAM device 10 includes an address buffer 14 that receives bank, row and column
addresses through an external address bus 18. A bi-direction data buffer 20 receives

Wwiite data thfough an external data bus 24; and outputs read data to the data bus 24.-



wite data through ati external data bs 24; and

outputs read data ts the data bus 24.-Finally, a
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conmands, such as read conmand and wite commands,

t hrough an external conmmand bus 34. The DRAM devi ce 10
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data paths, the data bus 52 can serve only one of the banks 40, 44 at a time. Similarly,

‘the single internal cofiimand Bus 50 and the single internal address bus 54 cannot -
simultaneously address and provide commands fo both of the banks 40, 44. As a result,
the DRAM device 10 is incapable of concurrently prefetching data from different rows
of memory cells in the same or in different banks 40, 44.

[0006] There is therefore a need for a method and system for concurréntly
accessing different rows of memory cells in the same or in different banks so that
prefetches of smaller block of data in different locations can occur while still providing

a’high merhory baridwidth.



of menory cells in the sane or in different banks 40,
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buses. [009] Figure 2 is a bl ock di agram of a portion

of a nenory devi ce accordi ng to
BRIEF DESCRIPTION OF THE DRAWINGS

[008] . Figure 1 is a block diagram of a portion of a conventional memory
device having a single set of address, control and data buses.
[009] Figure 2 is a block diagram of a portion of a memory device according to
i one example of the present invention in which two sets of address, control and data
buses are used.
[010] Figure 3 is a logic diagram of one example of a command decoder used
in the memory device of Figure 2.
[011] Figure 4 is a logic diagram of one example of a bank multiplexer logic
unit used in the memory device of Figure 2.
[012] Figure 5 is a logic diagram of one example of a address and data

multiplexers used in the memory device of Figure 2.



one exanple of the present invention in which two sets
of address, control and data buses are used. [010]
woizguveaes?B33i s a | ogi ¢ di agram of one exanpl e of PET/US2006/027494

conmand decoder used in the nmenory device of Figure 2.

[011] Figure 4 is a logic diagramof one exanple of a

bank mnul tiplexer logic unit, used in the nenory device

of Figure 2. [012] Figure é is a logic diagramof one
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[013] rrermr y Biuice iofa Blogkirdiag?aih0df3h denguter &siesn actrirdipmg to one
lagﬁgl m.of a conputer system according to one exanple
exangle PHQeNABHPT-on. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON [014] Figure 2 shows a DRAM devi ce 60

accor di no to'one exarn le of the_ invention. Like the
TARMED]S Ody O MRAE M devi ce 60

|ncludes several banks of nenor ceIIs two of which
[014] 40, 44 HigsrsRohawsre Biwedez’lc apaiingdoi ee somle of the

il 519 AP ARl 32, 3, 0 SOTIROE By s

sevefi$ bm&sgof 31$enﬁc(iji§ oallﬂ &6 of bzlhidheéf]o 14 ,ard:hﬁo&vnhufFﬁ gure 20 ThedRAM
onman ecoder used in the M. 10. A np
dev1%epée|%1$0c nolusiep| be Gkt erfhai aéé?ﬁ%%rféﬁt?dée‘écf@ﬁme@q @u%eﬁo% 2 34,

resp%:étlgelﬁleth% %%ga]s%_ﬁ th%%mvl 48 d&ex?%l? gs ; gé%&:é%ée Qﬁ‘ffé’i" 1t4h dﬁtla%ffer
20 apd lcummalngl decoder $Oiustd iméie DRAM tLOU A mrae swmﬁ‘h example of the

comBg QY L B Ol P B R £ AP S

gm\é/lH be appreciated by one skilled in the art.
However, this other circuitry is not particularly

[015] ger maneThe DM, 60 difirss EeantiiedaROM il A@rivparditin ¢t internal bus
stru \rjg:r gvg%w grovtu% h? w1% %E&%%mﬁf %cg{"o%aﬁé/e cgﬂ‘ﬁ%ﬂlt%s.r Cﬁxé RAM

fromFigure
device 60 also includes other circuitry as will be appreciated by one skilled in the art.

However, this other circuitry is not particularly germane to the various examples of the
invention. Therefore, in the interest of brevity, such circuitry has been omitted from
Figure 2.

[016] As shown in Figure 2, a single internal address bus 62 extends from the
address buffer 14 to address multiplex logic 66. Similarly, a single internal data bus 64
extends from the data buffer 20 to data multiplex logic 68. The address multiplex logic
66 couples addresses from the address buffer 14 to either of two global address buses
70, 74. As explained in greater detail below, the global address buses 70, 74 allow two
of the banks 40, 44 to be concurrently addressed. The data nﬁultiplex logic 68 couples
data between from the data buffer 20 to either of two global data buses 76, 78. The
global data buses 76, 78 allow write data to be coupled to or read data to be coupled
from one of the banks 40, 44 at the same time write data are being coupled to or read

data are being coupled from another of the banks 40, 44. More specific examples of the



[016] As shown in Figure 2, a single internal address

bus 62 extends fromthe address buffer 14 to address
woubdazipsex | ogic 66. Simlarly, a single interpral/usaioa027494

bus 64 extends fromthe data buffer 20 to data

mul tiplex logic 68. The address nultiplex |ogic 66
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the corresponding one of the global address buses 70, 74. The select signals are also
appliedto the data multiplexer logic 68 to cause the logic 68 to couple the-data buffer
20 to the corresponding one of the global data buses 76, 78. Finally, the select signals
are applied to the bank multiplexer logic units 80, 82 to cause them to couple the
corresponding one of the global address buses 70, 74 and the corresponding one of the
global data buses 76, 78 to one of the memory array banksA 40, 44.

[019] The external command preferably includes at least one bit identifying the
bank 40, 44 to which the command is directed. In response to the external command,

‘including the bank identifying bit(s), the command decoder 30 applies either Bank 0
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portion of the command decoder 100 that generates the Busl Select and Bus2 Select

signals “and that generates the” R/WCmd signals for Bank 0: is -shown, it ‘being
understood that additional circuitry for generating R/W Cmd signals for other banks are
also included. As shown in Figure 3, a Decoded Bank 0 Add bit is active high
whenever a bank address for Bank 0 is decoded by an address decoder (not shown) in
the DRAM device 60. The active high Bank 0 Add bit enables a plurality of AND gates
102 (only one of which is shown in Figure 3) to pass decoded R/W Cmd signals to the
Bank Multiplexer Logic Unit 80 (Figure 2), as explained above. Other sets of the AND



76, 78 allows the banks 40, 44 to be concurrently
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40 at the sane tine that data are being prefetched
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Multlplexer 124 has respectlveu 1npl111ts (%uple tLe %1 ba? I?Date(t) %uses 17(? %8 and a
single output port coupled to Memory Array Bank 0. The Multiplexers 122, 124 are

centrolled by commmon Sell and Sel2 signals. The Sell signal is generated by an AND
gate 126, and the Sel2 signal is generated by an AND gate 128. The AND gates 126,
128 are enabled by one of the R/W Cmd signals for Bank O being active high. When
the AND gates 126, 128 are enabled by a command directed to the respective bank, the
AND gate 126 generates the Sell signal responsive to the Busl Select signal, and the
AND gate 128 generates the Sel2 signal responsive to the Bus2 Select signal.

[024] One example of address multiplexer logic 140 and the data multiplexer
logic 144 that can be used as the address multiplexer logic 66 and the data multiplexer
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in a Bejcessor-bagpdadystef) 2u¢h Sne cempntst eystém 29Qrshewn in Figure 6. The
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60 of Figure 2 is shown in Fi gure 5. Wth reference to
The progesser 302 maldetiziprosesspibus 3Mahatmormaily mchigles Ay address bus, 2
L,tinlexer - [
confif A ALEKE 1984 figh e LOFUL Bk 9895R50cs on o o
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200 also includes one or more output devices 216 coupled to the processor 202, such

output devices typically being a printér or a video termitial. ~One or miore data storage”
devices 218 are also typically coupled to the processor 202 to allow the processor 202
to store data in or retrieve data from internal or external storage media (not shown).
Examples of typical storage devices 218 include hard and floppy disks, tape cassettes,
and compact disk read-only memories (CD-ROMs). The processor 202 is also typically
coupled to cache memory 226, which is usually static random access memory
(“SRAM”), and to the DRAM 60 through a memory controller 230. The memory
controller 230 normally includes a control bus 236 and an address bus 238 that are



and a single output port coupled to Menory Array Bank

O (Figure 2). Simlarly, the Data Multipl exer 1154 has
woesp@asi7ee i nputs coupled to the d obal Data Basas2006/027494

78 and a single output port coupled to Menory Array

Bank 0. The Ml tipl exers 150, 154 are controlled by

common Sell and Sel 2 signabs in the sanme way that the

Address Multipl exer 122 (Figure 4) and Data
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proc%%iﬂ{mlf?(S)Qrfthgleﬁ‘i%cﬁ&ﬁgsu%vﬁﬂﬁgﬁﬁgﬁ tﬁé*hfehﬁgf ¥&kirdiREN80, or by

shown 1 n e DRAM devi ce 60 or
somesthéthmeansxanpl e of a nenory device according to the

I nventign cap bg used i.n various el ectropi steps, .
10261 For exahioms, et opeipge Bl b RFgREd ipb pAURyE specifi
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6. The conputer system 200 includes a processor 202

will bemungestood tiynepevskillasuin therasuthah yafienscmpdifisationscpande made
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ANIY: gatosit Slovwyst, diriveld beivnderisived thatdhese ansh ehehermpeneshiscag be
. 4 u a k a , € oirers
e R e L e R s
Accdrbimgho theuhedntioy 3¢ aenli2tited ckygpt@aby yhe dppendsingaitosr

system 200 al so i ncludes one or nore output devices

216 coupled to the processor 202, such output devices

typically being a printer or a video termnal: One or

nore data storage devices 218 are also typically

coupled to the processor 202 to all ow the processor

202 to store data in or retrieve data frominternal or

external storage nedia (not shown). Exanples of

typical storage devices 218 include hard and fl oppy

di sks, tape cassettes, and conpact disk read-only

menories (CD-ROMs). The processor 202 is al so

typically coupled to cache nenory 226, which is

usual ly static random access nenory ("SRAM'), and to

t he DRAM 60 t hrough a nmenory controller 230. The

menory




controller 230 normally includes a control bus 236 and
an address bus 238 that arecoupled to the DRAM 60. A
wdab@/sg3240 is coupled fromthe DRAM 60 to t RET/US2006/027494

processor bus 204 either directly (as shown), through

the nenory controller 230, or by sone other neans. 6]

Fromthe foregoing it wlli0be appreci ated that,

al t hough specific enbodi nents of the invention have

been descri bed herein for purposes of illustration, it

wi |l be understood by one skilled in the art that
CLAIMSi ous nodi fications my be made w t hout deviating

fromthe spirit and scope of the invention. For

eXWihipd ie clamedifses 3 and 4 show vari ous conponents

i npl enmented using specific logic elenents, such as AND

gates. However, it will be understood that these and

ot her conponents can be inplenented with other types

of gatek or Aogimorgldevieatnyprisigher circuitry.

Accordingly, the invention is not |im.ted exce as._b

e appBnabame] BotCoe e e PRniAs. BgTre BdEke
write'BatPinYo %%%&ﬁ%lg/ccfém'é,' b Afer AN 6t RN coRSliilg €84 Bhta Fm the

menory conmands, nenory addresses, and wite data into
membhadevivepr y devi ce, the external port further coupling

read data fromthe nenpry device; a plurality of

i nt er nad PRt 5 bR @IS PYSES| i ty of internal data

buses; %@%@%@28?ﬁn&8@ﬂﬁ&ﬂﬂm&irCUit operable to couple

menory signal's corresponding to the nenory

addr essgs addres® ddupliex ceeuiabpgable to @oaplsahembdndadiiness Gignals
the internal address buses; a data coupling cjrc

corregprndintg to the raemgyy eddresses Tpme thespderapkpabig ééﬁlsﬁsﬁlf :Qtae phthe

. t%e .te data fromthe external port to a selected
mtena 3d%¢esst}?1uesg§nter nal data buses, the data coupling

Ci rcuitaf dsthhebuf@ighirpir apkableo toouphpler eadtedalnt  signals
correill)(?riqd?rll; to the write data from the external port to a selected one of the internal
data buses, the data coupling circuit further being operable to couple read data signals
corresponding to the read data from a selected one of the internal data buses to the
external port;

a plurality of banks of memory cells;

a bank coupling circuit for each of the banks of memory cells, the bank
coupling circuit being operable to couple the memory address signals from a selected
one of the internal address buses to the respective bank, the bank coupling circuit
further being operable to couple the write data signals from a selected one of the
internal data buses to the respective bank and to couple the read data signals from the
respective bank to a selected one of the internal data buses; and

control circuitry coupled to control inputs of the address coupling circuit,

the data coupling circuit, and the bank coupling circuit, the control circuitry being

operable to apply signals to the address coupling circuit to cause the address coupling



corresponding to the read data froma sel ected one of
the internal data buses to the external port; a
wohkowraistry of banks of nenory cells; a bank coBpTiUSgN06/027494

circuit for each of the banks of nmenory cells, the

bank coupling circuit being operable to couple the

menory address signals froma selected one of the

i nternal address buses to the respective bank, the

bank coupling circuit further being operable to couple
circuit e s¥ikétt e datemab hghassshils onwhick ehe afddssosignal$ ateheoupled, to

internal data buses to the respective bank and, to
applycsignalsetotthe dete sauplneacismgriacauseribnlith SoprlE)Eatquifdo selsgt the
. t el ected .ope of. t i:n I :
iternfifa e 5 it P s BAE A oSPeR B A tho read
data GEGNESS LAPRE] Al G dppl digndlh e Gdlbank eu@lingGeifitabicause the

and the bank coupling circuit, the control circuitry,
bank beuplpgopenitb select thppityrg] ahiess bus frome wairly diggddress signals

co ing circuit to cau he, addr gss coupl i nacjrc
we ofgEL AT G e e BRI LSS GRHE AR s
data %gg&gpqu_su gnals are coupled, to apply signals to the
ata“coupling circuit to cause the data coupling

circuit to select the internal data bus to which the
wite data signals ar% coupl.e

. f ich th d
data si% nal sty ROt ey e [f d"?ac“g‘ngr}ﬁegé%ﬁglﬁ %agf(ﬁ gf {trﬁe%ory
cells g@%@ﬁ“@%é {é‘%{@géﬁ%"ﬁhd&ﬂ acCids ‘Fw}xﬂﬁy bapk coupling

e Internal address bus from which
the address signals are coupled and to select the
internal- data bus to and from whic ite data and d
read dat-a arEbecmgpiosydevice oh&lafanpy VOO f SPTRA

Ll LG R bi $6rtPARKgeRking th
decofif Hefiifini afia SAPESNC L REREY COBL Ik SRGREL P YR decBling the
recei PRMioBEn M dsab dipul corfagpdiitiig commpandssipgrla conmmand

decoder receiving the nmenory commands fromthe

external port and decoding the received conmands to

out put corr ondi n [.gnal BRI decod

devi ce of cl ‘?ﬁn‘ffn{/ﬁ E&%%Q[&g e&%lglmgravﬁh rélélc%:g SP ecocet
comprise at least a portion of the control circuitry.

5. The memory device of claim 3, further comprising a command
bus coupled to receive the command signals from the cornmand decoder, and wherein
each of the bank coupling circuits is turther operable to couple the comiriand signals™

from the command bus to the respective bank.

6. The memory device of claim 5 wherein each of the bank coupling
circuit receives respective address signals indicative of an access to the respective bank,
and wherein each of the bank coupling circuits is operable to couple the command
signals from the command bus to the respective bank responsive ‘to receiving the

address signal indicative of an access to the respective bank.



conprise at |east a portion of the control circuitry.
5. The nenory device of claim3, further conprising a
woamreins’7hus coupl ed to receive the command si §aaiUs2006/027494
fromthe command decoder, and wherein each o the bank
coupling circuits is further operable to couple the
command signals fromthe gommand bus to the respective
bank. 6. The nenory device of claimb5 wherein each of
the bank coupling circuit receives respective address
si gnal s7,i ndi Tigd iY@n&@% asviec aFselaid | hehereipahé i esternal port
bank, and wherein each of the bank coupling circuits
comprisenp epmbiaadthys potipieeciving thomemedy soyrunds. fancaddigss bus port
.CO nd bus to,the respectjve bank_ respon
recei iR G THGPOHe IR Es S10; Gl PHIPLL FRavhE 1f tilisedate and

outp&\kﬁ%%ﬁ"%ré PESELME bank. 7. The nenory device of claim1l

eln the external port conprises a conmand bus port
recei ving the nenory commands, an address bus port
recei ving the nenory addresses,. and dat g _bu ort .
recei vithg t hEhwwngé{wan%f Bla’lnbﬂt W?’ﬁ{f“% ?ﬁ]%e raég(%ssdﬁ?‘ﬁ’hng

circugtrggt ri8es gl dlﬂ%g%ﬂtiﬂgﬁr hGvillk aft lilg:lu'?bﬁts WO LEigled Rereceive the

ress coupling circuit conprises an address
memBY dddpéseaefromatt egemal porpand bpurplitytof oatyit &ds ports coupled to
receive the menpry addresses fromthe external port
respegtive engs|aftla plEgalisf oldntepind adiiessg¥sess coupl ed to
respective ones of the plurality of internal address
buses. 9. The nenory device of claim1l wherein the
data cogipl i NYh& ideidiry deQED6T Slaisn @ vladréinrthié tatploeypling circuit
having a first bus port coupled to the external port
compxisds a detamaltiplgxephadng pfirstors nesk ¢onpleduig) the extgmal port and a

espective ones. of the plurality i .
s BES o R1EShub R BB oo PR Bt o
busegontrol circuitry conprises a logic circuit generating
signals that are applied to the address coupling

circuit, the data coupling circuit and the bank

coupl n?O.CI " he tmctanq.or%/e éjv?get of l‘cﬁ me?cvr\}heorfein the control circuitry

comprises a logic circuit generating signals that are applied to the address coupling
circuit, the data coupling circuit and the bank coupling circuit to sequentially each of
the internal address buses and internal data buses in sequence, the logic circuit being

triggered by the memory commands applied to the external port.

11. The memory device of claim 10 wherein the logic circuit
comprises:

a toggling flip-flop having a clock input coupled to receive a signal that
is generated each time one of the memory commands is applied to the external port; and

a plurality of logic gates coupled to the toggling flip-flop, each of the

logic generating a respective signal that sequentially selects a respective one of the



the internal address buses and internal data buses in
sequence, the logic circuit being triggered by the
wororyyswemands applied to the external port. pdtUsTee027494

menory device of claim 10 wherein the logic circuit
conprises: a toggling flip-flop having a clock input
coupled to receive a signajgthat is generated each
time one of the menory commands is applied to the
external port; and a plurality of |ogic gates coupled

interhd) aiMRsd BBk bAWa frdspBetiveQie oA inRindl ABtal RGELeach time the flip-
generating a respective signal that sequentially

flop togelest s a respective one of theinternal address buses
and a respective one of the internal data buses each
time the flipflop toggles. 12. The nenory devi ce of
claim Liher ehintdiforpabliof oBbinNd vledH e ELRRIN SRR Bfouit

address mul ti pl exer having an output port couple

comiirises ae apdress maltiphaxer Aadng aploutpat pory cofipled puthelraspepiovd Bank
coupl ed to respective ones of the plurality of . )
and g plugality of Hayt Bg% PRt eaupled ig respaelive oRes of thesnlurality of fyernal
p 0 t Q. r L.V .
nde Bl LGP b Bk BOMRYSM Bl Sl CRAR T 1o s Bpcctve
bankodidsa pfurdlitg ofl itipwtl buisypodfs donprdnalrespatiavdosadsof thd.pléality of
. processor-based system conprising a processor having
intergal datgdwsesor bus: an i nput device coupled to the
processor through the processor bus adapted to all ow
data to be entered into the conputer systenm an output

devi ce nupl agrbéesidithapsdseREN CotpPrisiigh the processor
bus adapted to all ow data to be output fromthe

conput ed prgesseniavapgla progessor Yusdevi ce conprising: an
ort o ol S5 SRl P RESRRP R R
adapted€o RILO® AaRAb bBRAck< IERAURE Bomputer system;
an output device coupled to the processor through the pfocessor bus
adapted to allow data to be output from the computer system; and
a memory device comprising:
an external port coupled to the processor bus to receive memory
commands, memory addresses, and write data from the processor and to couple
read data to the processor;
a plurality of internal address buses;
a plurality of internal data buses;
an address coupling circuit operable to couple memory address
signals corresponding to the memory addresses from the external port to a
selected one of the internal address buses;
a data coupling circuit operable to couple write data signals
corresponding to the write data from the external port to a selected one of the

internal data buses, thé data couplihg circuit further being operable to couple



read data to the processor; a plurality of internal
address buses; a plurality of internal data buses; an
waddrraas77eoupl i ng circuit operable to coupl e mMeaLUL2006/027494
address signals corresponding to the nmenory addresses
fromthe external port to a selected one of the
i nternal address buses; ajgdata coupling circuit
operable to couple wite o][ata signals corresponding to
the wite data fromthe external port to a sel ected
%acpfdattahﬁﬁﬁeﬂé &b @époﬁ@ﬁlg tgutﬁgﬁ*ea& RSad@d:a £QkRbte@%Dne of the
circuit fu el'ng operable to coupl eread data
siigteadad derbuesspo tich exgerha fole read data from a sel ected
one of the |nter naI data buses to tPe external port; a
plurality of 2 Bif %ﬁ’@ﬁﬁf?‘e@@m%ﬁ Sa bank coupling

circuit for eﬁ‘:ﬁﬁk ltuli%c&’c%ﬂkfgr HonCR R YankS bk err{oEfcells the

bank coupllng crrear el ng operable to coup

nﬁmﬁk)ﬁoﬁiﬂd{ feuRti@hR Gefdbliocoapledhs fnRE a@dreisfwgnals from
i nt ernal dress buses to the respective bank, th

bamRel@%@Fb ohe @f dhe exupltnalr addrpsrbuses iy t@pmsn%ﬂt@ethﬂnkoﬁﬁ lank

ite. da s fro S t
bt S Rtle 2 kBB Eup B0oRR Gy bEfs oms
COiRlRAlIR draRél iffeingl &dt8Bades tb Kim dﬁ&txﬁr@%@ﬁ@ bhd/ & baple the
to a selected one of the internal ta buses; and

camed ditacignelsi from thotgspestive badote 2 ¢legterh ane obthetinternal data
ﬂalress %oupl ing circuit, the data coupling circuit,
Sth@Bank coupling circuit, the control circuitry

bei ng oper ablg P cidRRty cédlgélﬂlo%oh&oi nBuR @ iIRSRldress coupling
coupling circuit to cause the address coupling circuit

t ccispitediie tite ¢awphing alircwitdares $hebb$nl<t cowtlinghcitdwét, the control
o aber S SouS S ARERIAS SR, Bt cne
5\}1{[1% ;Hdg.g{sg SEEY kbt 8 sEfebR iRl @nAURddr&s VBUCT: Whch the
address signals are coupled, to apply signals to the data coupling circuit to cause
the data coupling circuit to select the internal data bus to which the write data
signals are coupled and from which the read data signals are coupled, and to
apply signals to the bank coupling circuit to cause the bank coupling circuit to
select the internal address bus from which the address‘signals are coupled and to
select the internal data bus to and from which write data and read data are

coupled.

14.  The processor-based system of claim 13 wherein the banks of

memory cells comprise banks of dynamic random access memory cells.

15.  The processor-based system of claim 13, further comprising a
command decoder receiving the memory commands from the external port and

decoding the received commands to output corresponding command signals.



signals are coupled and fromwhich the read data
signals are coupled, and to apply signals to the bank
woaouglisg3ci rcuit to cause the bank coupling cPCTWISR006027494
sel ect the internal address bus from which the address
signals are coupled and to select the internal data
bus to and fromwhich witg data and read data are
coupl ed. 14. The processor-based system of claim 13
wherei n the banks of nmenory cells conprise banks of
dynam ¢4 andpfp foEEse:-BREP Ystéh! dfSelaikP 15 MiRrein the command
processor-based system of claim 13, further conprising
decoder compE satdessod portioaefithd cogtroha@rawdmpr y conmands from
the external port and decoding the received comuands
to out put correspondi ng conmand signals.16. The
proces -b d n.0f ' er &y ﬁﬂﬂﬁﬁh
decodefﬁéongﬁﬁégﬁég%ﬁgggfd%b%%ﬁﬁ%ﬁﬁﬂg? ?%ghégﬁig% 2
comuEdnidBtis tobipled o rebbive BiOEREEaid Hgsadrsmsthe tommaal decodth,and
further conprising a command bus coupled to receive
whergih ecaelo pfrthedbasikpeabking eiseriitsHe fudirenerablscle roppledhe command
. rei.n each of, t he bank coupling circuits is further
S1gha ?rﬁkstﬁeecqnan%({}b‘fsgotﬂﬁeereg%e Mgnal s fromthe
command bus to the respective bank. 18. The
processor-based systemof claim 17 wherein each of the
bank colfpl i nEhaprocesser-haseksystesn pbalpiorl 7 vberdteashof the bank
ignal s. indi.cative of an .access to.the respective
couplisgn gitoh ORHERe PR BHrER Salie II@S%&VF g & At o the

respebBv@PRlARhE WiRr&R WRLEof BB &ﬁﬁ%ﬁﬂ&@ SRS 1§ bPERabRao couple

command bus to the respective bank responsive to
the coamendi signald dirand dhe ssmsiagd abusi dileatespestive ank assmasive o
..o the respective bank. 19. The ocessor - hased system
receitife e eES Sl B Yo TR e RS O PRSI iCEs o
conmand bus port receiving the nenory conmands, an
address bus port receiving the nenory addresses, and a
dat a bul.porThe moetssomigpstdgystan dEcldian &3 swhdrenu theetxterma port

the read data from .
comprises a command bus port receiving the memory commands, an address bus port

receiving the memory addresses, and a data bus port receiving the write data and

outputting the read data from.

20.  The processor-based system of claim 13 wherein the address
coupling circuit comprises an address multiplexer having an input bus port coupled to
receive the memory addresses from the external port and a plurality of output bus ports

coupled to respective ones of the plurality of internal address buses.

21.  The processor-based system of claim 13 wherein the data
coupling circuit comprises a data multiplexer having a first bus port coupled to the
external port and a plurality of output bus ports coupled to respective ones of the

plurality of internal data buses.



20. The processor-based system of claim 13 wherein the
address coupling circuit conprises an address
woubdazipsezer havi ng an i nput bus port coupl ed POT/US2006/027494
receive the nmenory addresses fromthe external port
and a plurality of output bus ports coupled to
respective ones of the plurgality of internal address
buses. 21. The processor-based system of claim 13
wherein the data coupling circuit conprises a data
mul ti pl 2xer ihy ipdgcedsoribasdd Byssenp Tt clgiwl pll3e evhkeid hge control
. external port and a plurality of output bus ports
circuge gpaprises & degie circvie genwating sighals ghafragpiapplied to the address

i:nt erna at.a buses. 22. The ogessor - based system of..
couplife B, (e dHSEHRE Fisntin B T PRI KRG e P B SuBliany
each lo@ UhLinbdrh £ Hdlr<3§ BEdea ahd SntSinaN@tS blifdtin AP thE M glPcircuit
_ the address coupling circuit, the data coupling
beingiriggetet] bartble tiemoppodmmends apphetiortbeextetnal pajuent i al |y
each of the internal address buses and internal data
buses in sequence, the logic circuit being triggered

by the genmorypg gSpARR kj{s%éinft)@ cfalﬂﬁ_z%ﬁéraﬁlth@wg&c gireuit
23. The processor-based systemof claim22 wherein the

comprizgs:c circuit conprises: a toggling flip-flop having a
cl ock ing}ut CO lﬁg to receive a si gnaL%ét hat i.s )
gener at 28&8HBS Hhi-Hap baenge qlork inpwropricdindrredys & signal that

o ol Sl Bk e SR B Pl o e Pt B bt fGpel 3 md

| ogi ¢ geparralitynd l8gikegipcddupRdsib ghaltoggdtiap fipdlophniehcd b the
.selects a respective one of the internal address buses

logicapppcrating sh Esppeiyeongnab fthat isquentialy, selegtst s resng@ycenshof the

. i i . r - .
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flop ogpREI ses an address nul tipl exer having an output port
coupled to the respective bank and a plurality of

i nput bus ports coupled to respective ones of the

LAY O Ol SRS SE AR i e
coupling circuit comprises an address multiplexer having an output port coupled to the
respective bank and a plurality of input bus ports coupled to respective ones of the
plurality of internal address buses; and a data multiplexer having an output port coupled
to the respective bank and a plurality of input bus ports coupled to respective ones of

the plurality of internal data buses.

25. A method of accessing data in a memory device, comprising; .

coupling a first memory address to the memory device;

initiating a first memory access in a first bank of memory cells in the
memory device at the first memory address;

while the first memory access is being processed, coupling a second

memory address to the memory device;



to the respective bank and a plurality of input bus
ports coupled to respective ones of the plurality of
wonvernsi73dat a buses. 25. A nethod of accessi ngCualS2006/027494
a menory device, conprising: . coupling a first nenory
address to the nenory device; initiating a first
menory access in a first bgnk of menory cells in the
nmenory device at the first nenory address; while the
first nmenory access is being processed, coupling a
second ifBIHIhY a286:RBMefOr) AR BB YecdBY bk bNhich@ry BEls in
a second nenory access in a second bank of nenory
the meesh¢ry deviqehat tiersoegnddmeinoey addresrewbie dl finsnemory access is
. _address ile the first ry.access i ei ng
beingrBrEa ek ¢ sefetd Bulstiemis OB RN Pisk BAEC 1 om ¢ he
first bank. 26. The nethod of claim25 further
conprising: coupling a first nenory conmand to the
menory Ztevi cEhanethgd wf tlainh B fiirthes tompriving: addr ess; and
coupling a . second nenory conmand to the nenory device
al ong WAl @ fegasemonseIpandigrthe snemory deyise ganggyith the

( ' . wherein the first menory conmand i s
frst rpPLPATRAT, 40

from the second nenory command. 28. The
met hod @fuptih@arsedind hembRetors@amt tsihagnembiy éeviideealong with
second msm)rgr access i s being processed, coupling a
the sqcapd gnomarp agdigsfdr ess to the menory devi ce; and
initiating a third menory access in the first bank of
menory cells in the nenory device at the third nenory

addr esspahi | Bhd ARttRaCHHaiffe I Mhefdif $BS fitst R&h&Y command is
processed in the second bank of nmenory cells. 29. The

different fioa the saspad mee®rypemmiand.t ne nrst ana secona oanks
of

28.  The method of claim 25, further comprising:

while the second memory access is being processed, coupling a third
memory address to the memory device; and

hﬁtiating a third memory access in the first bank of memory cells in the
memory device at the third memory address while the second memory access is being

processed in the second bank of memory cells.

29. The method of claim 25 wherein the tirst and secona vanks of

memory cells comprise dynamic random access memory cells.

30. A method of accessing data in a memory device, comprising:
coupling a first memory command to the memory device;
initiating a first memory access in a first bank of memory cells in the

memory device responsive to the first memory command;



menory cells conprise dynam ¢ random access nenory
cells. 30. A nethod of accessing data in a nenory
wdevi7oaes77eonpri si ng: coupling a first nmenory ceamasegnos027494
the nenory device; initiating a first nmenory access in
a first bank of nmenory cells in the nenory device
responsive to the first nggory conmand; while the first
menory access i s being processed, coupling a second
menory conmand to the nenory device; initiating a
second whil®rlye fiesta8emory sccssCznbeih@ pogeksedp oouplinged [sscond
in the nenory device responsive to the second nenory
memephrarEanthiol the pIgBLOFY deMticdenory access is being
processed, .the second bank_bejng djff nt, f t .
Pirst biiteing SRR RePRDAGRACR A Bl BRbl of iRl cets n
the nfdnicily dBRIIR kopeAFTERChE Seddhll nfh cbhfiant Rehife1ee Milst memory
menory conmand. 32. The nmethod of claim 30, further
access as1peing progessedl the sached baddraingdiffsrent fovetbs firg beek.ng
processed, coupling a third nmenory command to the
menory device; and initiating a third nmenory access in
the firsi bake BletBRNOH Maitf b Swilcteih 1Be FRABRIMEGVEnand is
responsive to the third nmenory command whil e the
diffesatfino the seopd aseesy commasd.ng processed in the second
bank of nenory cells. 33. The nmethod of claim 30
wherein the first and second banks of nenory cells
conpri sg dyna f .s. 34. In a
process%% bagg%ﬁgggpgggﬁgéﬁgb a procgégﬁkicoupled to
syst em whil®tlye bevohd gnandglyuscabdst iy eingd pracesssed, cempling a third
cells, a nmethod f prefetching data in the system
memgphesrymandioihe ATy frdesseBhi ng data froma first of

the banﬁia‘%{ng%ﬁ%&ﬁ&yﬁc&&s G theSSt @ﬁﬂ(r@:’qﬁélﬁbry%ﬁs in the

memory device responsive to the third memory command while the second memory

access is being processed in the second bank of memory cells.

33.  The method of claim 30 wherein the first and second banks of

memory cells comprise dynamic random access memory cells.

34.  Inaprocessor based system having a processor coupled to system
memory having a plurality of banks of memory cells, a method of prefetchirig datd in -
the system memory, comprising:

prefetching data from a first of the banks of memory cells in the system
memory; and

while data are being transferred from the system memory to the
processor responsive to the prefetching of data from the first bank of memory cells,
initiating a prefetch of data from a second of the banks of memory cells in the system

Mmemory.



whil e data are being transferred fromthe system
menory to the processor responsive to the prefetching

wohodansr78rom t he first bank of nenory cells, PCT/US2006/027494

initiating a prefetch of data froma second of the

banks of nenory cells in the system nmenory. 35. The

nmet hod of claim 34 whereimmthe system nmenory conpri ses

a dynam c random access menory device. 36. The nethod

of claim34 wherein the act of initiating a prefetch

of dat g5f r omha nfeBigsanst Mint Iewhasitsthe bysenmiemary|comptises a

. the system menory conprises coupling a nenory comrand

dynamzip darsloneansess metderysievics. t he syst em nenory. 37. The

met hod of claim 34 wherein each of the banks have a

plurality of pages of nmenory cells, and wherein the

act of 3gr ef &ighidigh St Faifl wBerbin' the a6 ofti@iatiag k predétch of

menory cells conprises prefetching data fromless than
data faementédoad pdghe dinkeobmempey lcslls in theesysians tneyaei, CompIISes

wherein the act of initiati a prefetch of data from
couplwg%@ﬁawwmm@%%ﬁwgﬂ@mwﬁﬁws Eoe’i%Féyﬁ%ﬂ“{ﬂ%“%%t em

nmenory conprises initiating a prefetch of data from

| ess than an entire page of nmenory cells in the second
bank. 37. The method of claim 34 wherein each of the banks have a

plurality of pages of memory cells, and wherein the act of prefetching data from a first
of the banks of memory cells comprises prefetching data from less than an entire page
of memory cells in the first bank, and wherein the act of initiating a prefetch of data
from a second of the banks of memory cells in the system memory-comprises initiating

a prefetch of data from less than an entire page of memory cells in the second bank.



